
REPLY TO 
ATTN OF: Qp 




NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
Washington, D.C. 20546 


OCT 0 0 1970 


TO: USl/Scientif ic & Technical Information Division 

Attention* Miss Winnie M. Morgan 

FROM* GP/office of Assistant General Counsel for 

Patent Matters 
* 

SUBJECT: Announcement of NASA-Owned U. S. Patents in STAR 

In accordance with the procedures agreed upon by Code GP 
and Code USI, the attached NASA-owned U. S. Patent is being 
forwarded for abstracting and announcement in NASA STAR. 


The following information is provided: 


U. S. Patent No. 

Government or 
Corporate Employee 


W3. 003 


ye#/) /Tien / 


Supplementary Corporate 
Source (if applicable) 

NASA Patent Case No. 






NOTE - If this patent covers an invention made by a corporate 
employee of a NASA Contractor, the following is applicable* 

Yes □ No B 

Pursuant to Section 305(a) of the National Aeronautics and 
Space Act, the name of the Administrator of NASA appears on 
the first page of the patent; however, the name of the actual 
inventor (author) appears at the heading of Column No. 1 of 
the Specification, following the words "... with respect to 
an invention of 



Elizabeth A. Carter 
Enclosure 
Copy of Patent cited above £ 


im - X5-&U 9 

■ (ACCESSipH number) 

(PACES) ” 




7t 

(CATEGORY) 


(/S) 


Feb. 3, 1970 


J. A. PEOPLES 

MULTIWAY VORTEX VALVE SYSTEM 


3,493,003 


Filed Nov. 16. 1967 


2 Sheets-Sheet 1 


* 55 





FIG. 2 


I NVENTOR.(S) 
JERRY A. PEOPLES 

ar 

<SX*aJL d 

ATTORNEYS 





Patented Feb. 3, 197(1 


1 

3,493*003 

MULTIWAY VORTEX VALVE SYSTEM 

lerry A. Peoples, Huntsville, Ala., assignor to the United 
States of America as represented by the Administrator 
of the National Aeronautics and Space Administration 
Filed Nov. 16, 1967, Ser. No. 683,507 
Int. Cl. F15c 1/08 

U.S. Cl. 137—81.5 7 Claims 


ABSTRACT OF THE DISCLOSURE 

A pure fluid device composed of a plurality of vortex 
amplifiers each connected to a common power jet stream 
and connected to a common control jet stream. Orifices 
on each vortex amplifier control jet stream conduit are 
partially or completely closed simultaneously by one con- 
trol rod thereby varying the pressure and velocity of each 
vortex amplifier’s control jet stream. Proportionate ampli- 
fication of each vortex amplifier output is thereby ob- 
tained allowing the integrated pure fluid device to func- 
tion as a proportional multi-output amplifier. 


BACKGROUND OF THE INVENTION 

The invention described herein was made by an em- 
ployee of the United States Government and may be 
used by or for the Government for governmental pur- 
poses without the payment of any royalities thereon or 
therefor. 

This invention relates to pure fluid amplifiers and more 
particularly to vortex amplifiers arranged in sequence to 
produce a multi-directional, proportional flow valve. 

Prior mechanical multiway valves, such as four-way 
servo valves, have employed mechanical means, usually 
a power spool, to divert a power or supply flow through 
differing outlet ports. These mechanical means required 
close tolerances, on the order of 10-50 microns, to facili- 
tate efficient operation. Impurities, e.g., dust carried by 
the ported fluid and metal particles produced by the slid- 
ing contact of the mechanical ports, often amounted to 
sufficient contamination to “freeze” the valve. 

There were also flow limitations in these mechanical, 
multiway valves. The flow could not usually be main- 
tained through a multiplicity of outlet ports simultane- 
ously because of structural limitations of the mechanical 
activating means. To make flow periodic, mechanical 
means within the flow had to be employed. 

Present pure fluid devices providing for multi-direc- 
tional outlets are of the momentum exchange or beam 
element type that employs the momentum of control jet 
streams to deflect a power jet stream to a desired outlet 
passage. Such devices do not allow multi-directional flow 
to be either simultaneously multi-directional or propor- 
tional in each output direction. 

Further, it is a characteristic of these beam elements 
to “load up,” i.e., their pressure recovery (under load, 
e.g., a valve restriction, as opposed to wide open flow) is 
less for the same intake conditions than obtained from a 
vortex amplifier. This is because the operation of beam 
elements depends upon continuous flow through the ele- 
ment. When loading restricts this flow, beam element 
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performance degrades. The degradation is manifested in 
the form of less pressure recovery and output momentum. 
This output momentum is directly proportional to the 
mass of the output fluid and the velocity of the output 
5 fluid. The vortex amplifier augments the exchange of 
momentum occurring when the power jet stream and the 
control jet stream interact by increasing the velocity of 
the flow after such interaction. This increase in velocity 
results from the shape of the vortex amplifier’s inter- 
10 action chamber. The chamber is shaped as a closed, 
shortened cylinder with the power jet stream entering 
perpendicularly to its side wall and the control jet stream 
entering tangentially to its side wall. The outlet orifice 
is in the center of one of the end walls. The interaction 
15 of the power and control jet streams creates annular flow 
in the chamber. Conservation of momentum requires that 
the velocity of the flow increase as the flow approaches 
the center outlet orifice. This increase or amplification in 
output velocity results in an increase in output momentum 
20 of the vortex amplifier which does not occur in the beam 
element device. It follows that multi-directional flow beam 
elements have more limited power gains than similar vor- 
tex amplifier elements. 

25 SUMMARY OF THE INVENTION 

The present invention is a multi-vortex amplifier sys- 
tem that achieves proportionally amplified, multi-direc- 
tional flow. This is accomplished by the vortex amplifier’s 
characteristic of allowing flow proportionate to the con- 
30 trol stream input. Therefore, when each vortex amplifier 
in the system is connected to a common power jet stream, 
the output flow of each is varied by varying the control 
input of each. To vary the control input of each vortex 
amplifier, all are connected to a common control jet 
35 stream by conduits which have convergent nozzles which 
can be closed or partially closed. The variation in the 
status or closure of each vortex amplifier’s control stream 
convergent nozzle varies the pressure and therefore the 
velocity of their control stream input. These constricted 
40 orifices are positioned so that the status, i.e., whether it 
is open, closed, or partially open, of any one or any two 
of the orifices can be controlled simultaneously by press- 
ing against the open end of the orifice. So, by varying 
the control input of each vortex amplifier, proportionate 
45 flow through a number of outlets equal to the number 
of vortex amplifiers can be accomplished by the inte- 
grated system. 

The use of vortex amplifiers in the invention over- 
go comes, to a great extent, prior contamination problems 
u in mechanical, multiway valves. The vortex amplifiers 
can port fluids containing contamination particles up to 
the 300-400 micron level. Also, a source of contamina- 
tion particles is eliminated in that vortex amplifiers have 
gg no mechanical control means in the flow path which 
might be a source of metal particles. 

Using vortex amplifiers to control flow in multiway 
valves instead of mechanical means greatly increases the 
flexibility of such valves. This is because vortex ampli- 
fiers allow an increase or decrease in flow in direct pro- 
portion to control jet stream pressure, which pressure 
can be widely varied for a particular size vortex ampli- 
fier. A plurality of such vortex amplifiers can thus pro- 
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vide proportionate flow in varying degrees through differ- 
ent outlet orifices simultaneously. 

The elimination of the mechanical control means in the 
power flow greatly increases the reliability of multiway 
valves by eliminating a source of breakdown. Also, the 
cost of machining close fitting mechanical parts is elimi- 
nated. 

Pure fluid devices, such as beam elements, while elimi- 
nating mechanical control means, do not allow simul- 
taneous multi-directional flow nor simultaneous, propor- 
tionally amplified, multi-directional flow using one power 
jet stream. A multi-vortex amplifier system allows both 
as the vortex amplifier can operate in unison or in any 
combination from one power jet stream. 

The multiway vortex valve system overcomes the power 
gain limitations of beam elements through use of vortex 
amplifiers which are not as limited as to power gains. 
This enables the system to operate devices requiring higher 
power gains. 

It is broadly an object of the invention to provide a 
valve system capable of producing from one power stream 
flows of varying amplification in many directions simul- 
taneously. 

Another object of the invention is to provide such a 
multiway system which is unaffected by high levels of 
contamination and which eliminates a source of such con- 
tamination by removal of mechanical control means with- 
in the flow path. 

It is further an object of the invention to provide a 
multiway valve system with no mechanical control means 
in the flow path. 

Still another object is to provide a multiway valve sys- 
tem with high power gains. 

The above and still further objects, features and advan- 
tages of the present invention will become apparent upon 
consideration of the following detailed description of the 
specific embodiment thereof, especially when taken in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 is a vertical sectional view of a multiway 
vortex valve system according to the present invention; 

FIGURE 2 is a horizontal sectional view taken through 
section lines 2 — 2 of FIGURE 1; 

FIGURE 3 is a partial multi-sectional side view taken 
along section lines 3—3 of FIGURE 1; 

FIGURE 4 is a partial horizontal section view taken 
along section lines 4— -4 of FIGURE 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to FIGURE 1 showing a vertical cross 
section of a multiway vortex valve system, there is a valve 
housing 11 constructed from a suitable solid material. 
Housing 11 is connected by conduit 13 to a power fluid 
supply (not shown) which is to be amplified and selec- 
tively ported by the valve system. The power fluid input 
from conduit 13 flows through internal conduits 14 to 
four vortex amplifiers 19, 21, 23, 25 whose configuration is 
best shown in FIGURE 2. Fluid from conduit 14 is in- 
jected into the vortex amplifiers 19, 21, 23, 25 via 
orifices 15. 

It should be understood that the invention is not re- 
stricted to the use of four vortex amplifiers and, depend- 
ing on the contemplated use of the valve system, a number 
of vortex amplifiers equal to the number of output flows 
desired can be used. The vortex amplifiers need not be 
diametrically positioned within the valve housing as odd 
numbered pluralities of the vortex amplifiers may be 
grouped to effectuate an odd number of outputs if desired. 

Valve housing 11 is connected to a control fluid input 
sou rce (not shown) by co nd ti i t 16, This second f] u id i n - 
put is used to both control and amplify the fluid power 
supply after flowing through internal conduits 17 to 
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orifices 18 which tangentially inject a control fluid input 
into each of the vortex amplifiers 19, 21, 23, 25. 

Referring now to FIGURE 3 to illustrate the control- 
ling and amplifying of the power fluid stream by the con- 

r trol fluid input or control jet, there is represented a multi- 
0 plane cross sectional side view of vortex amplifier 23 of 
FIGURE 1 taken along section lines 3 — 3. The power 
fluid stream flows through internal conduit 14 into vortex 
amplifier 23 by way of orifice 15. The power fluid stream 
is then deflected in vortex amplifier’s interaction chamber 
27 by the control jet tangentially injected by orifice 18. 
The interaction of the two flows creates an annular flow 
in the interaction chamber 27. The tangential velocity of 
the annular flow increases due to conservation of mo- 
15 mentum as the annular flow approaches the vortex ampli- 
fier outlet, a conical orifice 29, which is best shown in 
FIGURE 2. This increase in velocity of the annular flow 
is the amplifying effect and allows the amount of flow 
through the vortex amplifier to be controlled. 

20 The control is achieved by varying the control jet 
velocity which determines ultimate annular velocity at 
the outlet orifice 29. At low annular velocities the output 
of the vortex amplifier enters conduit 31, best shown in 
FIGURE 1, and becomes one of the four output flows of 
25 the valve system through orifices 32. At higher annular 
velocities part of the output at orifice 29 “spins out” fol- 
lowing the funnel shape of orifice 29 into return chamber 
33 where it is collected and returned by conduit 35 
(partially shown) to the fluid power supply (not shown). 
30 The remainder of the vortex amplifier output flows 
through conduit 31 to become one of the output flows 
through orifice 32 of the valve system. 

Thus, each output flow of the system can be reduced 
in direct proportion to the annular velocity of its related 
35 vortex amplifier. Likewise, the velocity amplification of 
the output flow is directly related to annular velocity 
within the vortex amplifier which depends on control jet 
velocity. 

If control jet velocity becomes great enough, the entire 
output of the vortex amplifier “spins out” through orifice 
29 into return chamber 33 to be shunted by conduit 35 
(partially shown) to the fluid power supply. The “spin 
out” effect is facilitated by “boundary layer lock on” 
or “wall attachment” occurring when the output locks 
45 on to the conical shaped wall of orifice 29. When the 
entire output “spins out,” one of the valve system’s out- 
puts through orifice 32 is completely stopped. The “wall 
attachment” would also facilitate backflow through orifice 
32 and conduit 31 into return chamber 33 by reducing 
50 pressure in conduit 31 and by deflecting the backflow into 
chamber 33. 

It should be understood that even though vortex ampli- 
fiers have a wide range of amplification as compared 
to other pure fluid devices, it may be desirable to have 
55 vortex amplifiers, within such a multiway vortex valve 
system as disclosed, have varying ranges of possible ampli- 
fication. Therefore, the invention could have vortex 
amplifiers of different size and internal design to accom- 
plish this. 

60 To vary the control jet which in turn varies the ampli- 
fication and output flow of each vortex amplifier, we 
observed in FIGURE 4, conduits 37 connected to conduits 
17 (which conduct the control jet flow to vortex ampli- 
fiers 19, 21, 23, 25). These conduits 37 lead to convergent 
nozzles 39 which can be opened or closed to vary the 
pressure in conduits 37 and therefore, also in conduits 17 
thereby varying the control jet flow. 

To vary pressure, nozzles 39 ar.e partially or fully 
closed thereby proportionately varying the pressure in 
control jet conduits 37 and 17. To close or partially close 
nozzles 39, there is shown in FIGURE 1 , a square con- 
trol rod 41 mounted in ball joint 43 so as to allow move- 
ment in any direction in the plane of FIGURE 4 which 
75 shows a cross section of square control rod 41. 
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To vary two vortex amplifier outputs and thus two 
of the valve system’s outputs simultaneously, square rod 
41 would he moved, for example, in X direction (FIG- 
URE 4) and depending upon how far rod 41 was moved, 
two vortex amplifier outputs and thus two system outputs r 
would be proportionately varied both in amount of out- 
flow and in velocity of outflow (amplification). Similarly, 
to proportionately vary one output, square control rod 41 
would he moved, for example, in the Y direction. Thus, 
it is seen that any one or any two outputs 32 (FIGURE 
1 ) can be proportionately decreased. 

Likewise, any one or any two outputs through orifice 
32 can be completely stopped if square rod 41 touches 
convergent nozzles 39. This is because with a particular 
nozzle 39 closed, the pressure in conduits 37 and 17 jr, 
would be increased sufficiently to cause the control jet 
flow to be great enough to increase the annular velocity 
v/ithin the vortex interaction chamber 27 to a point where 
the entire output of the vortex valve would “spin out” 
through orifice 29 into return chamber 33 as shown in ?o 
FIGURE 1. 

It should be noted that through proper design of the 
control rod 41, any plurality of convergent nozzles 39 
may be controlled independently and simultaneously. Ad- 
ditionally, to control simultaneously a plurality of noz- 25 
zles 39, the nozzles 39 can be grouped so that one side of 
a multi-sided control rod 41 can be moved against the 
group simultaneously to partially or fully close them. 

In FIGURE 4 with square control rod 41 in the center 
position, all convergent nozzles 39 are open and all out- 30 
puts through orifices 32 (FIGURE 1) flow together. The 
flow from any of nozzles 29 that are not partially or ful- 
ly dosed enters frusto-conical chamber 49 and flows to 
return chamber 33 (FIGURE 1) and out return conduit 
35 to be retrieved by the power fluid supply. At the top 35 
of conical chamber 49 in FIGURE 1 is shown rubber 
means 51 for allowing movement of square control rod 
41 while not allowing flow from open jets 39 to leave 
the valve housing 11 by way of inverted frusto-conical 
chamber 53. 40 

While not shown, it should be understood that any 
suitable deflection means (manual, electromagnetic, etc.) 
may be employed to move control rod handle 55 (FIG- 
URE 1) in a desired direction. It is also clear that by 
periodic or non-periodic movement of control rod handle 
55, periodic or non-periodic flow could be obtained 
through any of orifices 32, 

The embodiment as described, is a multiway valve sys- 
tem which allows each separate output to be amplified 
as to velocity and to be controlled as to amount of flow. 

The vortex amplifiers, with the system, accomplish this 0 
without being affected by high levels of contamination. 

What is claimed is: 

1, In a pure fluid device, a multiway vortex valve sys- 
tem combination comprising: 

a valve housing, a first orifice in said housing for in- 
troducing a power jet stream into said valve sys- 
tem; 

a second orifice in said housing for introducing a con- 
trol jet stream into said valve system; 
a plurality of vortex amplifiers in said housing adapted 60 
to produce a velocity amplified fluid output; 
a first conduit means for connecting said first orifice 
to said vortex amplifiers; 

second conduit means for connecting said second ori- 
fice to at least one of said vortex amplifiers; 
pressure varying means mounted in said housing for 
varying the pressure in said second conduit means 
to vary proportionately and simultaneously the out- 
put of each of the vortex amplifiers connected to 
said second conduit means; 
a plurality of valve system output orifices, each one of 
which is adapted to receive fluid flow from the out- 
put of one of the vortex amplifiers; 
a return chamber formed in said valve housing for 75 
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receiving fluid flow from the output of the vortex 
amplifiers, said return chamber having an orifice 
for channeling this flow back to the power jet stream; 

means for channeling the vortex amplifier’s outputs 
to either or both the valve system output orifices 
or the return chamber, depending on control jet 
stream velocity. 

2. A device according to claim I wherein said plurality 
of vortex amplifiers each comprise: 

a first input orifice for introducing fluid flow from the 
power jet stream; 

a second input orifice for tangentially introducing a var- 
iable control fluid flow from the control jet stream; 

an interaction chamber to allow fluid from the power 
jet stream and fluid from the control jet stream to 
coact producing a velocity amplified and proportion- 
ate output flow; 

a vortex amplifier output orifice for porting the output 
flow to a valve system output orifice in proportion to 
the input from the control jet stream. 

3. A device according to claim 1 wherein said pressure 
varying means comprises 

a plurality of convergent nozzles; 

passageways connecting the convergent nozzles to the 
second conduit means connecting the control jet 
stream to the vortex amplifiers whose outputs are to 
be controlled; and 

means for restricting the fluid flow from the conver- 
gent nozzles with the result of proportionately varying 
the pressure in selected portions of said second con- 
duit means thereby varying the outputs of the vari- 
able vortex amplifiers. 

4. A device according to claim 3 wherein each con- 
vergent nozzle is adapted to control one of the variable 
vortex amplifiers. 

5. A device according to claim 3 wherein the means 
for restricting the nozzle flow can restrict the flow of a 
plurality of the nozzles simultaneously. 

6 . A device according to claim 5 wherein the flow re- 
stricting means can restrict also the flow of each nozzle 
individually. 

7. A device according to claim 1 wherein: 

said plurality of vortex amplifiers includes four vor- 
tex amplifiers each having: 

an input orifice for introducing fluid flow from the 
power jet stream; 

a second input orifice for tangentially introducing a 
variable control fluid flow from the control jet 
stream; 

an interaction chamber to allow the flows from the 
power jet stream and control jet stream to coact pro- 
ducing a velocity amplified and proportionate output 
flow; 

a conical output orifice to allow spin out of a portion 
of the vortex amplifier output when the velocity of 
the fluid flow from the control jet stream is increased; 
and 

said pressure varying means includes: 

a square control rod pivotably mounted on a ball 
joint in said housing so as to allow movement 
in any direction, 

four closable convergent nozzles connected to said 
second conduit means and symmetrically ar- 
ranged with respect to the control rod so as 
to allow the square rod when moved to re- 
strict the fluid flow from selected ones of the 
nozzles thereby proportionately increasing the 
pressure and velocity of the fluid flow from said 
second input orifice in the vortex amplifier af- 
fected by the selected nozzles, 
a vertical frusto-conical shaped chamber formed 
in said housing to channel flow from the con- 
vergent nozzles to the return chamber, 
flexible means disposed at the top of the vertical 
frusto-conical shaped chamber to allow move- 
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merit of the square control rod and to prevent 
flow from the convergent nozzles from spraying 
upward, 

an Inverted vertical frusto-conical shaped cham- 
ber allowing sufficient extension of the square 
control rod out of the valve system to permit 
facile application of deflection means to the 

square control rod, and 
the means for channeling have, 

orifices juxtaposed to each vortex amplifier's coni- 
cal outlet orifice to pick up the desired output 
from the vortex amplifier, and 
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conduits leading to a particular valve system out- 
put orifice. 
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